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Abstract — The antioxidant activities of 29 components isolated from the aerial parts of Artemisia iwayomogi
were evaluated in vitro and in cell culture. Among the tested compounds, 2, 6, 8, 10, 13, and 14 exhibited the
greatest peroxyl radical-scavenging activities in the oxygen radical absorbance capacity (ORAC) assay, and 2, 10,
and 14 also showed significant reducing capacities. However, all compounds showed weak metal chelating
activities. Their cellular antioxidant activities were evaluated in HepG2 cells. At 10 uM, compounds 6, 8, and 14
exhibited stronger protection against 2,2'-azobis(2-amidinopropane) dihydrochloride (AAPH)-induced oxidative
stress than compounds 2, 10, and 13. Moreover, Compounds 2 and 8 were more effective in protecting against
Cu?*-induced oxidative stress than compounds 6, 10, 13, and 14 at 10 uM. These results suggest that the phenolic
compounds in 4. iwayomogi have the potential to be developed as natural antioxidants for the treatment of

oxidative stress-related diseases.
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Introduction

Oxidative stress is caused by an imbalance between the
generation of reactive oxygen species (ROS) and antioxi-
dant defense activity. Severe oxidative stress has been
implicated in many chronic and degenerative diseases,
including cancer, ageing, osteoporosis, rheumatoid arthritis,
diabetes, and neurodegenerative diseases,'™ due to the
damage of lipids, proteins, and DNA in living cells.**
Many natural compounds from plants, including medicinal
herbs, have demonstrated antioxidant activity against
ROS.

Artemisia iwayomogi Kitamura is a perennial herb of
the Compositae family that is distributed throughout
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Korea. In traditional Korean medicine, the aerial parts of
A. iwayomogi, called “Han In Jin”, have been used to cure
various infectious diseases, such as carbuncle, sores,
cholecystitis, and hepatitis, and to treat fever, inflamma-
tion, and jaundice.*” We previously isolated 29 com-
pounds from a 70% MeOH extract of 4. iwayomogi,
which were identified as benzoic acid (1), frans-caffeic
acid methyl ester (2), coniferin (3), citrusin C (4),
isotachioside (5), myrciaphenone A (6), 2,4-dihydroxy-6-
methoxyacetophenone 4-O-fD-glucopyranoside (7), 2,4-
dihydroxy-6-methoxyacetophenone (8), erythroxyloside B
(9), scopoletin (10), scopolin (11), fraxidin 8-O-fD-
glucopyranoside (12), iwayomin (13), methyl 3,5-di-O-
caffeoyl quinate (14), (—)-syringaresinol-4-O-f-D-glu-
copyranoside (15), iwayoside A (16), oplodiol 1-O-f-D-
glucopyranoside (17), iwayoside C (18), oplopanone 10-
O-f-D-glucopyranoside (19), (£)-5'-hydroxyjasmone 5'-O-
[D-glucopyranoside  (20), o-terpinyl  8-O-f-D-glu-
copyranoside (21), turpinionoside A (22), (Z)-3-hexenyl
O-a-L-arabinopyranosyl-(1 — 6)-/-D-glucopyranoside
(23), unshuoside A (24), rupicolin B (25), rupicolin A
(26), 1a4a-dihydroxybishopsolicepolide (27), 1a4o-
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Fig. 1. Chemical structures of compounds 1 - 29.

dihydroxy-8 a~acetoxy-guaia-2,9,11(13)-trien-6,12-olide
(28), and iwayoside B (29) by physical and spectroscopic
characterizations (Fig. 1).5"!

In the present study, we examined the antioxidant
effects of these 29 phytochemicals using in vitro and
cellular assays, including the oxygen radical absorbance
capacity (ORAC) test, which is one of the most popular
and well-characterized antioxidant assays,'*"” as well as
reducing capacity and metal chelating tests.'*'® 2,2'-
Azobis (2-amidinopropane) dihydrochloride (AAPH) was
used to generate peroxyl radicals in the ORAC assay. Cell
culture experiments were performed using the human-
derived hepatoma HepG2 cell line, which allow accurate
and reliable assessment of antioxidant activity in mammalian
cells.'”'8
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Experimental

General experiment procedures — AAPH, Trolox,
fluorescein, calcein, neocuproine, Dulbecco’s modified
Eagle’s medium (DMEM), Hank’s balanced salt solution
(HBSS), phosphate buffered saline (PBS, pH 7.4),
dichloro-dihydro-fluorescein diacetate (DCFH-DA), and
dimethylsulfoxide (DMSO) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). The HepG2 cell line was
obtained from the American Type Culture Collection
(ATCC, Rockville, MD, USA).

Plant material — Aerial parts of A. iwayomogi were
collected on Jeju Island in June 2007, and taxonomically
identified by Prof. Young Ho Kim at the College of
Pharmacy, Chungnam National University, Daejeon, Korea.
A voucher specimen (CNU07105) has been deposited at
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the herbarium of the above college.

ORAC assay — The ORAC assay was carried out
using a Tecan GENios multi-functional plate reader
(Salzburg, Austria) with fluorescent filters (excitation
wavelength: 485 nm, emission filter: 535 nm). In the final
assay mixture, fluorescein (40 nM) was used as a target of
free radical attack with AAPH (20 mM) as a peroxyl
radical generator in the peroxyl radical-scavenging capacity
assay. The analyzer was programmed to record fluorescein
fluorescence every 2 min after the addition of AAPH. All
fluorescence measurements were expressed relative to the
initial reading. Final values were calculated on basis of
the difference in the area under the fluorescence decay
curve between the blank and test samples. All data are
expressed as net protection area (net area). Trolox (1 pM)
was used as the positive control to scavenge peroxyl
radicals.”

Reducing capacity — The electron-donating capacities
of selected compounds to reduce Cu** to Cu" were assessed
according to the method of Aruoma et al*® Forty
microliters of different concentrations of each compound
in ethanol were mixed with 160 uL. of a mixture
containing 0.5 mM CuCl, and 0.75 mM neocuproine, a
Cu’" specific chelator, in 10 mM phosphate buffer, pH 7.4.
Absorbance was measured using a microplate reader at
454nm for 1h. Increased absorbance of the reaction
mixture indicated greater reducing power.

Metal chelating activity — Metal chelating activity was
measured using the competitive reaction procedure
described by Argirova and Ortwerth.?’ One hundred
microliters of different concentrations of each compound
in ethanol were mixed with 100 uLL of 0.4 uM CuSO,.
After 100 pL of the mixture solution was incubated with
100 uL. of 0.2 uM calcein for 1h, fluorescence of the
mixture solution was measured using a Tecan GENios
multi-functional plate reader with fluorescent filters
(excitation wavelength: 485 nm and emission filter: 535
nm) and compared to the fluorescence intensity of the
control, which contained only calcein.

Cellular antioxidant activity — Cellular oxidative stress
due to ROS generated by AAPH or Cu*" was measured
spectrofluorometrically by the DCFH-DA method.
DCFH-DA diffuses through the cell membrane and is
enzymatically hydrolyzed by intracellular esterases to
non-fluorescent DCFH, which can be rapidly oxidized to
highly fluorescent DCF in the presence of ROS. HepG2
cells were firstly cultured in 96-well plates (5 x 10>/mL)
with DMEM for 24 h. After the cells were incubated with
different concentrations of each compound in DMSO for
30 min, the media were discarded, and the wells were
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gently washed twice with PBS. Instead of normal media,
HBSS, which is stable to fluorescence, was added to each
well. AAPH was used to induce peroxyl radical oxidative
stress, and copper (Cu®") was used to induce another type
of oxidative stress. After the cells were treated with
60 uM AAPH or 10 uM Cu** for 30 min, DCFH-DA was
added to the culture plates at a final concentration of
40 uM and incubated for 30 min at 37 °C in the dark.
DCF fluorescence intensity was measured at an excitation
wavelength of 485 nm and an emission wavelength of
535 nm using a Tecan GENios fluorometric plate reader.

Statistical analysis — All data are presented as means
standard deviations (SD). Statistical analysis was carried
out using the IBM SPSS statistical package (Version 21.0,
IBM, New York, USA) program, and the significance of
each group was verified with a one-way analysis of
variance (ANOVA) followed by Duncan's test. A p value
< 0.05 was considered significant.

Results and Discussion

In vitro antioxidant activities of compounds from A.
iwayomogi — Antioxidant activities of compounds 1 - 29
from A. iwayomogi were initially evaluated for their
peroxyl radical-scavenging capacities employing an ORAC
assay, in which AAPH, an azo compound, was used to
generate peroxyl radicals. As shown in Table 1, com-
pounds 2, 6, 8, 10, 13, and 14 showed potent and dose-
dependent peroxyl radical-scavenging activities at 1 - 10
uM. Structural analysis of the active phytochemicals
suggested that phenolic hydroxyl groups were responsible
for the peroxyl radical-scavenging activity; these groups
might donate hydrogen atoms. The ability of compounds
2, 6, 8, 10, 13, and 14 to stimulate the reduction of Cu*
to Cu’ was then investigated to determine whether their
strong peroxyl radical-scavenging capacities resulted from
electron donation to peroxyl radicals. As shown in Fig. 2,
compounds 2, 10, and 14 showed greater reducing
capacities than did 6, 8, and 13 at 1-10uM. This
observation indicates that two hydroxyl groups at ortho
positions of the aromatic ring (compounds 2 and 14) or a
hydroxyl group at the C-7 position of the coumarin (10)
could be responsible for electron transfer to the Cu*" ion.
Furthermore, our data suggest that the peroxyl radical-
scavenging capacities of compounds 2, 10, and 14 may be
attributable to reduction of peroxyl radicals through
donation of electrons or hydrogens. Another mechanism
by which natural products can inhibit the generation of
hydroxyl radicals is chelation of metal ions, which
prevents their interaction with hydrogen peroxide. Therefore,
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Table 1. Peroxyl radical-scavenging activities of compounds 1 - 29.

Peroxyl radical-scavenging capacity (TE, uM)

Compound
1 uM 10 uM
1 —0.45+0.11 0.33+£0.13
2 2.82+0.12 12.99 £0.65
3 0.52£0.22 2.73£0.37
4 0.64 £0.09 3.14£0.15
5 1.07£0.22 5.38+0.36
6 2.66£0.22 11.74 £ 0.69
7 0.19£0.16 227+£0.35
8 3.29+£0.53 9.18£0.40
9 0.87£0.30 2.79£0.19
10 2.38+0.11 10.44 £0.60
1 0.22+0.10 1.56 £0.28
12 0.05£0.22 0.38£0.40
13 425+0.36 17.72 £0.87
14 2.17£0.22 12.66 £0.61
15 1.43£0.18 6.27+£0.29
16 -0.38+£0.24 0.05+0.03
17 0.60 £0.15 1.88£0.14
18 0.41+£0.15 2.18+0.21
19 0.44+£0.10 0.82+0.17
20 1.00£0.16 4.69£0.22
21 0.55£0.22 2.53£0.18
22 0.39£0.20 1.90£0.16
23 0.24£0.13 1.36 £0.28
24 0.44 £ 0.07 1.84+£0.14
25 0.75£0.50 1.95+£0.33
26 0.05£0.10 3.06 £0.08
27 —0.15+0.19 223+0.22
28 0.51+0.11 4.18£0.50
29 —0.02+0.15 0.72+0.18

All data are expressed as the mean+ SD from three individual
experiments. Values are expressed as M of Trolox equivalents
(TE); one ORAC unit is equivalent to the net protection area pro-
vided by 1 uM of Trolox.

the Cu*" chelating capacities of compounds 2, 6, 8, 10,
13, and 14 were analyzed using calcein, a fluorescent
probe that loses its fluorescence upon formation of the
cupric ion complex. The fluorescence generated by each
compound was proportional to its chelating activity with
cupric ions. As shown in Fig. 3, all tested compounds
showed weak metal chelating activities at 1 - 10 uM. This
result suggests that the antioxidant activity of these
compounds does not involve chelation of transition metal
ions.

Cellular antioxidant activities of compounds from
A. iwayomogi — The cellular antioxidant capacities of
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Fig. 2. Reducing capacities of selected compounds from A.
iwayomogi. Results are expressed as mean+ SD from three
individual experiments and values with different letters at the
same concentration indicate significant differences (p < 0.05).
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Fig. 3. Metal chelating activities of selected compounds from A.
iwayomogi. Percentages are relative to the value obtained from
control that did not contain copper ions. Results are expressed as
means + SD from three individual experiments and values with
different letters at the same concentration indicate significant
differences (p <0.05).

compounds 2, 6, 8, 10, 13, and 14 were investigated using
a cellular antioxidant capacity assay. HepG2 cells were
pre-incubated with the selected compounds (1 - 10 uM)
for 30 min. After the incubation, the cells were exposed to
60 uM AAPH or 10 uM Cu?* for 30 min and then treated
with DCFH-DA, a fluorescent probe that detects ROS, for
30 min to measure the oxidative stress induced by AAPH
or Cu?*. As shown in Fig. 4A and 4B, the intracellular
oxidative stress in HepG2 cells increased to 149.55% and
175.44% following treatments with AAPH and Cu*',
respectively, compared to untreated cells (the control group).
All selected compounds decreased the cellular oxidative
stress caused by AAPH and Cu®* at 1-10pM, and
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Fig. 4. Cellular antioxidant capacities of selected compounds
from A. iwayomogi against oxidative stress induced by AAPH
(A) and Cu*" (B). Percentages are relative to the values obtained
from untreated cells. Results are expressed as means + SD from
three individual experiments and values with different letters at
the same concentration indicate significant differences (p <0.05).

compounds 2, 6, 8, 13, and 14 reduced the extent of
cellular oxidative stress in a dose-dependent manner (Fig.
4). At 10 uM, compounds 6, 8, and 14 scavenged more
peroxyl radicals generated by AAPH than did the other
compounds, and reduced the oxidative stress to 121.28%,
122.23%, and 111.10%, respectively (Fig. 4A). In addition,
compounds 2 and 8 showed greater antioxidant capacities
against the oxidative stress induced by Cu** than did the
other compounds at 10 uM (135.47% and 132.03%,
respectively; Fig. 4B).

These results differ from the antioxidant activities of
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the tested compounds in in vitro assay, and this difference
was suggested to be derived from the different cell
membrane permeability of the tested compounds. Further
investigations into cellular antioxidant metabolism are
required to test this hypothesis. In summary, we conclude
that the phenolic compounds, especially those containing
multiple hydroxyl groups, were the major antioxidant
constituents of 4. iwayomogi and are responsible for the
potent antioxidant activity of the 4. iwayomogi extract.

Acknowledgments

This work was financially supported by the Priority
Research Centers program through the National Research
Foundation of Korea (NRF) funded by the Ministry of
Education, Science and Technology (2009-0093815),
Republic of Korea. We also appreciated the supports from
Educational Commission (L.2012183) and Science and
Technology Commission (20121097) of Liaoning Province,
P. R. China.

References

(1) Benz, C. C.; Yau, C. Nat. Rev. Cancer 2008, 8, 875-879.

(2) Rao, L. G; Rao, A. V. In Topics in osteoporosis: Oxidative stress
and antioxidants in the risk of osteoporosis - role of the antioxidants
lycopene and polyphenols; Valdes-Flores, M. Ed; InTech; Rijeka, Croatia,
2013; pp 117-161.

(3) Barnham, K. J.; Masters, C. L.; Bush, A. 1. Nat. Rev. Drug Discov.
2004, 3, 205-214.

(4) Halliwell, B. Free Radic. Biol. Med. 2002, 32, 968-974.

(5) Aruoma, O. L. J. Am. Oil Chem. Soc. 1998, 75, 199-212.

(6) Kim, J. K. lllustrated Natural Drugs Encyclopedia; Namsandang
Publishers: Seoul, 1989; p 79.

(7) Park, J. H. Korean Folk Medicine; Busan National University
Publishers: Busan, 1999; p 68.

(8) Ding, Y.; Liang, C.; Choi, E. M.; Ra, J. C.; Kim, Y. H. Nat. Prod.
Sci. 2009, 15, 192-197.

(9) Ding, Y.; Liang, C.; Yang, S. Y.; Kim, J. H.; Lee, Y. M.; Kim, Y. H.
Bull. Korean Chem. Soc. 2010, 31, 2422-2423.

(10) Ding, Y.; Liang, C.; Yang, S. Y.; Ra, J. C.; Choi, E. M,; Kim, J. A.;
Kim, Y. H. Biol. Pharm. Bull. 2010, 33, 1448-1453.

(11) Ding, Y.; Kim, J. A.; Yang, S. Y.; Kim, W. K,; Lee, S. H.; Jang, H.
D.; Kim, Y. H. Bull. Korean Chem. Soc. 2011, 32, 3493-3496.

(12) Huang, D.; Ou, B.; Prior, R. L. J. Agric. Food Chem. 2005, 53,
1841-1856.

(13) Zulueta, A.; Esteve, M. J.; Frigola, A. Food Chem. 2009, 114, 310-
316.

(14) Kim, G. N; Lee, J. S.; Jang, H. D. Food Sci. Biotechnol. 2008, 17,
1332-1336.

(15) Oh, C. H; Kim, G. N.; Lee, S. H.; Lee, J. S;; Jang, H. D. J.
Ginseng Res. 2010, 34, 198-204.

(16) Phi, K. C.; Kim, G N.; Jang, H. D. Food Chem. Toxicol. 2012, 50,
1583-1588.

(17) Alia, M.; Mateos, R.; Ramos, S.; Lecumberri, E.; Bravo, L.; Goya,
L. Eur: J. Nutr. 2006, 45, 19-28.

(18) Goya, L.; Mateos, R.; Bravo, L. Eur: J. Nutr. 2007, 46, 70-78.



Vol. 20, No. 3, 2014

(19) Kurihara, H.; Fukami, H.; Asami, S.; Toyoda, Y.; Nakai, M
Shibata, H.; Yao, X. S. Biol. Pharm. Bull. 2004, 27, 1093-1098.

(20) Aruoma, O. 1.; Deiana, M.; Jenner, A.; Halliwell, B.; Kaur, H.;
Banni, S.; Corongiu, F. P;; Dessi, M. A.; Aeschbach, R. J. Agric. Food
Chem. 1998, 46, 5181-5187.

(21) Argirova, M. D.; Ortwerth, B. J. Arch. Biochem. Biophys. 2003,
420, 176-184.

181

(22) Lautraite, S.; Bigot-Lasserre, D.; Bars, R.; Carmichael, N. Toxicol.

In Vitro 2003, 17, 207-220.

Received March 25, 2014
Revised May 7, 2014
Accepted May 8, 2014




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


